In patients with schizophrenia who do not have an optimal response to clozapine, it remains unclear if there is an evidence base to support a second antipsychotic in combination with clozapine. The present systematic review was therefore carried out to determine the efficacy of various clozapine combination strategies with antipsychotics. Relevant studies were located by searching the Cochrane Schizophrenia Group Trials Register, Medline, and Embase (up to November 2007). Only studies randomly allocating patients to clozapine plus another antipsychotic vs clozapine monotherapy were included. The search yielded 21 studies suitable for reanalysis. In 3 trials, clozapine was combined with a phenothiazine, in 8 trials with a benzamide, and in the remaining trials with risperidone. While the majority of randomized trials were not double blind, 6 studies were double-blind placebo-controlled trials. A total of 14 randomized open studies significantly favored clozapine combination strategy in terms of mean difference (random effect standardized mean difference [SMD] 5 À0.80, 95% confidence interval [CI] 5 À1.14 to À0.46); however, data extracted from 6 randomized double-blind studies did not show a statistically significant positive effect of this combination strategy in terms of mean difference (SMD 5 À0.12, 95% CI 5 À0.57 to 0.32). In terms of percentage of patients failing to show an improvement, a total of 10 randomized open studies significantly favored clozapine combination strategy (random effect relative risk [RR] 5 0.64, 95% CI 5 0.42 to 0.97), but data extracted from 6 randomized double-blind studies did not show a statistically significant positive effect of this combination strategy (RR 5 0.91, 95% CI 5 0.75 to 1.11). We conclude that the evidence base supporting a second antipsychotic in addition to clozapine in partially responsive patients with schizophrenia is weak. This weak evidence indicates modest to absent benefit.
Introduction
One-fifth to one-third of people with schizophrenia are considered to have illnesses that are resistant to treatment. This usually means that these people have persistent psychotic symptoms and poor functioning despite adequate treatment with conventional or novel antipsychotic drugs.
l For these people, clozapine has been shown to be the treatment of choice, [2] [3] [4] with few adverse effects that result in movement problems and a beneficial effect in terms of mental state and suicide mortality. 5 Clozapine is, however, only effective in producing clinically significant symptom improvement in 30%-50% of people receiving treatment. One-third to two-thirds of people still have persistent psychotic symptoms despite clozapine monotherapy of adequate dosage or have unwanted side effects that do not permit an adequate uptitration of clozapine. 6 Under real-world circumstances, the need to provide effective therapeutic interventions to patients who do not have an optimal response to clozapine has been cited as the most common reason for simultaneously prescribing 2 or more antipsychotic drugs in combination treatment strategies. 7 Similarly, European and American treatment guidelines recognize that the concurrent prescription of a second antipsychotic in addition to clozapine is a commonsense strategy in these partially responsive patients. [8] [9] [10] [11] However, it remains unclear if there is an evidence base to support a second antipsychotic drug in combination with clozapine. The present systematic review was therefore carried out to determine the efficacy of various clozapine combination strategies with antipsychotics in people who do not have an optimal response to clozapine.
Additionally, a methodological issue was investigated. Although systematic reviews assume that the inclusion of all available randomized evidence is crucial to limit the risk of random error or bias, typically systematic reviews include randomized trials only if study participants, those involved with their management and those collecting and analyzing clinical data, are blind to the assigned treatment. This approach is methodologically robust, but randomized evidence is inevitably lost. In this review, instead of focusing on double-blind trials only, losing this way a part of randomized evidence, we included all randomized trials irrespective of blindness, and we investigated whether lack of double blindness is associated with exaggeration of treatment effect estimates.
Methods

Types of Studies
Only studies randomly allocating patients to competitive treatment arms were included. Included and excluded studies were collected following the quality of reports of meta-analysis flow diagram. 12 Considerable care was taken to exclude duplicate publications.
Types of Participants
Study participants were of either sex and any age (18þ y) with a diagnosis of schizophrenia or related disorders. Studies using any criteria to define schizophrenia and related disorders were included. Study participants had ongoing psychotic symptoms that had not responded adequately to optimal dosages of clozapine alone or had not responded adequately to dosages of clozapine that could not have been uptitrated because the size of the dose was limited by side effects. Inclusion criteria of ''partial responders,'' ''failure to respond,'' and ''persistently psychotic'' or description of poor functioning, side effects, and unwanted adverse reactions, as defined by the authors, were accepted.
Types of Intervention
Included trials compared clozapine plus another antipsychotic with clozapine plus placebo or clozapine alone. Included trials compared any dose and means of administration.
Outcome Measures
Efficacy outcomes were (a) group mean scores at the end of the trial, or group mean change from baseline to endpoint, on Positive and Negative Symptoms Scale or Brief Psychiatric Rating Scale or any other rating scale and (b) failure to respond to treatment: proportion of patients with no clinically significant response in global state, as defined by each of the studies.
Search Strategy for Identification of Studies
Relevant studies were located by searching the Cochrane Schizophrenia Group Trials Register using the phrase ([clozapin* or clozaril* or leponex* or denzapin* or zaponex*] in title, abstract, and index fields in REFER-ENCE) OR [clozapin* or clozaril* or leponex* or denzapin* or zaponex*] in interventions field in STUDY). This register is compiled by systematic searches of major databases, hand searches, and conference proceedings (see group module). Medline (1966 to November 2007) and Embase (1974 ( to November 2007 were additionally searched using the search term \clozapine and \rando-mised controlled trial or \random allocation or \double-blind method and \partial responders or \failure to respond or \persistently psychotic. Reference lists of relevant articles and previous systematic reviews were searched for other relevant studies. When outcome data were not reported, we attempted to contact the corresponding author for collecting supplemental data.
Study Selection
Material downloaded from electronic sources included details of author, institution, or journal of publication. Two reviewers (M.B. and A.C.) independently inspected all reports of identified studies. Any disagreement was solved by consensus; however, where doubt remained, we acquired the full article. Two reviewers (M.B. and A.C.) independently decided whether these then met the review criteria. No blinding to the names of authors, institutions, and journal of publication took place. We resolved any further disagreements by consensus with a third member of the review team (S.M.).
Data Extraction
Using a standardized form, 2 reviewers (A.S. and C.B.) independently extracted data on participant characteristics, intervention details, and outcome measures. Disagreements were resolved by discussion and consensus with a third member of the team (A.C.).
For dichotomous outcomes, the number of patients undergoing the randomization procedure and the number of patients who failed to respond to treatment were recorded. For continuous outcomes, the mean scores at endpoint or the mean change from baseline to endpoint, the SD or SE of these values, and the number of patients included in these analyses were extracted. 13 When only the SE was reported, it was converted into SD according to Altman and Bland. 14 
Study Quality
The quality of reporting was assessed using the Jadad scale. 15 The Jadad scale consists of 3 items pertaining to descriptions of randomization, masking, dropouts, and withdrawals. The scale ranges from 0 to 5, with higher scores indicating better reporting. A score of more than 2 of a maximum of 5 at the Jadad scale indicates high quality of reporting; a score of 2 or less indicates low quality of reporting. This threshold was derived from Moher et al. 16 
Data Handling
Data were initially entered and analyzed using the Cochrane Collaboration's Review Manager software Clozapine Combination Strategies With Antipsychotics in People With Schizophrenia (RevMan), version 4.2.10 (Cochrane Collaboration, Oxford, UK), and subsequently entered into a spreadsheet and reanalyzed using the ''metan'' command of STATA 9.0 (STATA Corp, College Station, TX). Outputs were cross-checked for internal consistency.
Antipsychotic Dosages
Clozapine and combination antipsychotic doses at study endpoint were converted into multiples of the defined daily dose (DDD) by dividing the prescribed daily dose (PDD) in milligrams by the DDD (PDD/DDD). The DDD is a theoretical unit of measurement defined as the assumed average maintenance daily dose for a drug, used for its main indication in adults. 17 Expression of drug use in terms of multiples of DDDs allowed to calculate, for each treatment arm, a cumulative measure of drug exposure. This methodology was derived from Patten et al, 18 who employed it in a study that examined international dosage differences in antidepressant clinical trials.
Statistical Analysis
For dichotomous outcomes, relative risk (RR) with a 95% confidence interval (CI) was calculated; continuous scores from different outcome scales were analyzed using SMDs with a 95% CI. A random-effects model was employed because this takes into account any differences between studies even if there is no statistically significant heterogeneity. 19 Visual inspection of graphs was used to investigate the possibility of statistical heterogeneity. This was supplemented using, primarily, the I 2 statistic. Where the I 2 estimate was greater than or equal to 50%, we interpreted this as indicating the presence of high levels of heterogeneity. 20 Visual inspection of funnel plots was additionally used to investigate the possibility of publication bias. However, this was not supplemented using asymmetry tests, considering that recent evidence warned that statistical conditions for employing asymmetry tests are absent from most meta-analyses. 21 The effect of trial design on treatment estimates was investigated in an analysis that categorized trials in 2 groups: randomized, double-blind, placebo-controlled studies vs randomized nonblind (open) studies. In another subgroup analysis, we examined the effect of length of trials on treatment estimates. Studies were categorized in 2 groups: short follow-up studies (less than or equal to 10 wk) vs long follow-up studies (more than 10 wk). This threshold was derived from Paton et al, 22 who suggested a positive relationship between length of trial and treatment estimates.
After data were collected, we planned a post hoc sensitivity analysis excluding the study carried out by Kreinin et al, 23 who employed a crossover methodology and enrolled patients experiencing a specific unwanted adverse reaction associated with clozapine.
Results
Characteristics of Included Studies
The original searches yielded 138 articles. Of these, 87 were excluded because a randomized design was not employed. The remaining 51 studies were retrieved for more detailed evaluation, 24 met the inclusion criteria, and 21 provided data suitable for reanalysis (figure 1).
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Potentially relevant RCTs identified and screened for retrieval (n=138) Only 2 randomized studies recruited 100 participants or more, and the mean length of follow-up was 13.8 weeks (SD = 19.6) (table 1). In 3 trials, clozapine was combined with a phenothiazine, in 8 trials with a benzamide, and in the remaining trials with risperidone (10 randomized controlled trials [RCTs] ). The majority of randomized trials were conducted in China (15 RCTs), where patients were recruited employing diagnostic criteria not based on the criteria of the Diagnostic and Statistical Manual of Mental Disorders or International Classification of Disorders, while 6 studies were carried out in Western countries. The 6 trials carried out in Western countries were double-blind placebo-controlled trials. Of these, 5 recruited patients who had ongoing psychotic symptoms who had not responded adequately to 400 mg/d or more of clozapine prescribed for more than 3 months at study entry. 25, 26, 28, 34, 39 The sixth Western trial employed a crossover design and included inpatients with unwanted side effects associated with clozapine treatment. 23 The Jadad rating indicated a high quality of reporting for the 6 Western trials only (table 1) .
Efficacy on a continuous outcome was reported in 20 studies, while efficacy on a dichotomous outcome was reported in 16 studies. Unpublished outcome data were provided by Kreinin et al 23 and Freudenreich et al. 25 Visual inspection of funnel plots did not suggest the presence of publication bias.
Continuous Outcome Measures
While 14 randomized open studies significantly favored clozapine combination strategy in terms of mean difference (SMD = À0.80, 95% CI = À1.14 to À0.46, I 2 = 85.1%), data extracted from 6 randomized double-blind studies did not show a statistically significant positive effect of this combination strategy in terms of mean difference (SMD = À0.12, 95% CI = À0.57 to 0.32, I 2 = 63.1%) (figure 2). The exclusion of the study of Kreinin et al 23 did not materially change the results (figure 2). In the group of open trials, the subgroup analysis by trial duration showed a statistically significant advantage for clozapine combination strategy both in short (SMD = À1.27, 95% CI = À2.20 to À0.34) and long (SMD = À0.67, 95% CI = À1.03 to À0.32) follow-up studies. In the group of double-blind trials, the subgroup analysis by trial duration showed no advantage for clozapine combination strategy both in short (SMD = 0.05, 95% CI = À0.51 to 0.63) and long (SMD = À0.49, 95% CI = À1.09 to 0.10) follow-up studies.
Dichotomous Outcome Measures
While 10 randomized open studies significantly favored clozapine combination strategy in terms of percentage of patients failing to show an improvement (RR = 0.64, 95% CI = 0.42 to 0.97, I 2 = 71.5%), data extracted from 6 randomized double-blind studies did not show a statistically significant positive effect of this combination strategy (RR = 0.91, 95% CI = 0.75 to 1.11, I 2 = 51.3%) ( figure  3 ). The exclusion of the study of Kreinin et al 23 did not materially change the results ( figure 3 ). In the group of open trials, the subgroup analysis by trial duration failed to show a statistically significant advantage for clozapine combination strategy both in short (RR = 0.41, 95% CI = 0.14 to 1.16) and long (RR = 0.79, 95% CI = 0.53 to 1.16) follow-up studies. In the group of double-blind trials, the subgroup analysis by trial duration showed no statistically significant advantage for clozapine combination strategy in short follow-up studies (RR = 1.02, 95% CI = 0.88 to 1.19), while long follow-up studies significantly favored clozapine combination strategies (RR = 0.66, 95% CI = 0.49 to 0.88).
Cumulative Measure of Drug Exposure
In randomized open studies, patients randomly allocated to clozapine plus a second antipsychotic received a similar total amount of antipsychotic drug compared with those allocated to clozapine alone (Spearman q = 0.305, P = .361) (figure 4). By contrast, in randomized double-blind studies, patients randomly allocated to clozapine plus a second antipsychotic received a higher amount of antipsychotic drug compared with those allocated to clozapine plus placebo (Spearman q = 1.000, P < .001) (figure 4). This different pattern of drug use was explained by a different management of clozapine dosages during the studies: while in randomized double-blind studies both treatment arms received a comparable amount of clozapine dose at study endpoint (clozapine mean dose, combination arm: 487.7 mg/d; clozapine 
Discussion
Although European and American treatment guidelines recommend the concurrent prescription of a second antipsychotic in addition to clozapine in partially responsive patients with schizophrenia, the present systematic review found that the evidence base supporting this treatment strategy is weak. Systematic reviews rely on the assumption that the inclusion of all available randomized evidence limits the risk of random error or bias or both. In recent years, an ever-increasing number of randomized evidence is originating in China, and it has been emphasized that those undertaking systematic reviews should search the Chinese literature for relevant material. 44 In the present systematic review of a total of 21 studies, we found 15 Chinese randomized trials. In comparison with Western trials, Chinese trials adopted different methodological standards: placebo and double blindness were never employed, the proportion of patients prematurely discontinuing treatment was never reported, and clozapine was administered at lower dosages in the combination than in the clozapine alone arm. There is evidence that lack of some methodological standards such as double blinding is associated with exaggeration of treatment effect estimates, 45 and this analysis corroborated this by showing that open trials overemphasized the beneficial effect of clozapine combination strategies. It should be noted, however, that the relevance of blinding may vary according to study outcomes. It is particularly important when the response criteria are subjective, such as rating scale scores, but less important for objective criteria, such as treatment discontinuation or death. 46 From a clinical viewpoint, the main message is that a second antipsychotic in addition to clozapine has modest to absent benefit. The small number of patients included in each trial and the employment of an open design in many studies make conclusions very difficult, and comparisons between individual drugs are hardly feasible. For example, 4 double-blind trials with 159 patients contributed to the negative findings for risperidone, while only 1 double-blind trial with only 28 patients contributed to the positive findings for sulpiride. For risperidone, initial randomized evidence was promising, but when the results of a large clinical trial were published 26 the overall evidence base suggested lack of beneficial effect. Clearly, a similar course cannot be excluded for other drugs supported by few, albeit promising, data.
The meta-analytical approach employed in this review has limitations. First, we lumped together different antipsychotics with different mechanisms of actions and, theoretically, with potentially different effects when combined with clozapine. Clearly, this approach increased the statistical power to detect a signal of effect but required the underlying assumption that different antipsychotics have a similar pharmacological effect. A second limitation is that statistical heterogeneity was found in most analyses. Heterogeneity, ie, the extent to which different studies give similar or dissimilar results, may be the consequence of clinical, methodological, and biological variability. In the present analysis, heterogeneity may be the consequence of clinical variability, specifically in terms of patient population. We observed that no unique definition of partial responsiveness was available, and this might have led to the inclusion of slightly different patient populations across trials. In this sense, heterogeneity may be interpreted as a measure of whether a treatment is applicable to all or should be ''individualized'' because of variable benefits or harms in different types of patients. 47 Very likely, additional randomized evidence assessing the benefit of various antipsychotics (including aripiprazole, benzamides, risperidone, pimozide, ziprasidone) will be available in the next few years (http://www. clinicaltrials.gov/). In some cases, comparative evidence will be produced to establish the relative efficacy and tolerability of combination treatment with clozapine plus one antipsychotic compared with combination treatment with clozapine plus another antipsychotic. 48 Hopefully, these trials will guide clinicians in reaching a decision about optimal care in this difficult-to-treat patient population. In the meantime, clinicians prescribing a second antipsychotic to people who do not have an optimal response to clozapine should consider that the expected benefit, on the basis of available evidence, is at best modest.
